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The jelly coat surrounding the unfertilized sea urchin egg is asserted to play 
an important role at fertilization, because it contains so-called fertilizin inducing 
sperm-acrosome reaction. The unfertilized eggs of the Japanese Palolo, polychaete, 
are not surrounded by the jelly layer, which is secreted from the eggs after fertiliza-
tion. Since the spermatozoa can contact first with the egg membrane, the 
outermost envelope of the egg, at insemination, extra-cellular jelly substances are 
not necessary for fertilization in the Japanese Palolo eggs. 
In tbe Japanese Palolo eggs numerous spermatozoa attach to the egg 
membrane immediately after insemination, but the excess spermatozoa except 
penetrated one begin to detach from the membrane during fertilization process. 
The sperm detachment seems to be related with jelly formation after fertlization. 
The precursor of the jelly substances is contained in the cortical granules of the 
unfertilized egg and is released during cortical changes following fertilization, 
forming the jelly layer around the egg (Of. YAMAMOTO 1952, 0SANAI 1967a, b). 
This paper deals with changes in egg membrane-sperm binding during fertilization 
process and with roles of secreted substances on the sperm detachment. 
MATERIAL AND METHOD 
Handling of gamates 
The materials used was the Japanese Palolo, Tylorrhynchus heterochaetus 
(QUATREFAGES), Polychaeta, collected in Natori, Miyagi Prefecture. The 
swarming individuals (the epitochae) were placed in one third sea water (one part 
of sea water diluted with two parts of distilled water) and stocked in the refrigerator 
(0-4°0). The germ cells were taken from the body cavity by cutting the body 
wall. The unfertilized eggs were preserved in one third sea water and the sperm in 
non-diluted sea water. HERBST's artificial sea water modified by MoTOMURA 
(1938) was used as experimental media. 
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Preparation of egg seeretions 
The unfertilized eggs are slightly activated only by beiug placed in normal sea 
water, forming the jelly layer. The jelly-formed eggs placed in sea water for 18-
24 hours were centrifuged at 1,500 xG for several minutes. The eggs were 
sedimented, but jelly remained in the supernatant. . The supernatant was used as 
secreted egg substance (SES) solution after enough stirring. A part of SE~ was 
precipitated with ethanol. The ethanol precipitate was collected by _the centrifuge, 
stocked in 80 per cent ethanol solution and dissoved in sea water prwr to use. 
Isolation of egg membranes. 
The unfertilized eggs were homogenized with the teflon homogenizer in 
distilled water or one third sea water and centrifuged at 900XG for five minutes. 
The egg membranes were sedimented. After the removal of the_ supernatant, the 
egg membrane were suspended again in distilled water or one third sea water and 
then centrifuged. By washing the precipitate several times the clear egg memb~ane 
fraction, in which cytoplasmic contamination was hardly observed under the light 
microscope, was obtained. 
EXPERIMENT AND OBSERVATION 
1. Sperm attachment on egg membrane. 
When the unfertilized eggs were inseminated in sea water, the numerous 
spermatozoa attached first on the egg membrane. The spermatozoa _connected 
their head top to the egg membrane and spun the tail streched prependwularly to 
the egg surface (spin movement) (Fig. lB'). Soon after insemination, the excess 
spermatozoa except penetrated one began to detach from the egg membrane. 
Thrity minutes after insemination, the attaching spermatozoa were not observed 
on the egg membrane, crowding in the jelly layer secreted from the egg after 
fertilization. The detached spermatozoa could not connect again the egg mem-
brane. They moved round in the jelly layer, but slipped on the egg surface (round 
movement) (Fig. 10'). Nine hours after insemination, the spermatozoa were 
pushed out of the later formed jelly layer (Figs. lD, 2c). Thus, the exc_ess 
spermatozoa were excluded from the vicinity of the egg. The sperm e~cluswn 
seemed to proceed in paralell with jelly formation attributed to egg secretwn. 
The three possible causes of the sperm detachment can be considered; (1) 
the loss of the sperm-binding capacity in the egg membrane during fertilization 
and in development, (2) dissociation of the egg membrane-sperm binding by 
changes occured in the spermatozoa and (3) the dissociation of the connection or 
exclusion of the spermatozoa by substances secreted from the fertilized eggs. 
2. Sperm-binding on the egg membrane of the fertilized egg. 
The sperm binding to the fertilized eggs was observed to see whether the egg 
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Fig. I. Schema explaining the behavior 
of sperm around eggs during fertiliza-
tion process. A: Unfertilized egg. 
B ~ Immediately after in~emination. 
Numerous spermatozoa attached to 
the egg membrane. B': Spin move-
ment of spermatozoon on the mem-
brane. C: About 30 minutes after 
insemination. Spermatozoa were 
detached from the egg membrane and 
moved round in ~he jelly layer. C': 
round movement of spermatozoa, 
which slipped on the membrane. 
D: Several hours after insemination. 
Spermatozoa were pushed out of the 




membrane might change in sperm-binding capacity during fertilization and 
development. The eggs were inseminated and placed in sea water for one hour. 
The eggs surrounded with the jelly layer containing round-moving spermatozoa 
were centrifuged at 700XG for five minutes. The eggs were sedimented, separat-
ing from jelly. In the centrifuged jelly-less eggs no spermatozoa were observed on 
the egg membrane. By re-insemination with fresh sperm numerous spermatozoa 
attached to the egg membrane of the jelly-less eggs and behaved spin movement as 
in the fertilizing eggs. When the jelly-formed eggs, one hour after insemination, 
were re-inseminated with fresh sperm, the spermatozoa could pass through the 
jelly layer and attached to the egg membrane. The larvae of T. heteroahaetus are 
enveloped yet with the egg membrane, across which cilia strech out, and begin to 
swim without typical hatching. When the swimming gastrnla, 18 hours after 
fertilization, were mixed with fresh sperm, the spermatozoa attached to the egg 
membrane with the head, behaving spin movement. These facts show that the 
sperm-binding activity of the egg membrane remains still after fertilization and 
during development. The spermatozoa connected with the egg membrane of the 
fertilized eggs and. the developing larvae began to detach soon and the most of them 
were separated from the egg membrane about 1.5 hours after attachment. 
3. Loss of the binding ability in detached spermatozoa. 
The spermatozoa attached to the egg membrane immediately after insemina-
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Fig. 2. Sperm binding to intact egg membranes . 
a-c: Behavior of spermatozoa during fertilizat ion process. a : Five m inutes after in-
semination. N umerous spermatozoa a.dhered to t he membrane. b: After 30 minutes. 
Detached sp ermatozoa crowded in jelly. c: After one hour. Spermatozoa were 
excluded out of clear jelly zone. 
d-f: Sperm attachment to fer t ilized egg membra ne. d , e: The fertilized eggs were 
centrifuged 40 minutes after insemination to remove jelly. d : J elly-less egg, on which 
no spermatozoa were observed. e : The jelly-less eggs were re-insemina.ted with 
fresh sperm. Spermatozoa adhered to t he membrane. f: The fert ilized eggs with 
jelly, about one hour after insemination, were re-inseminated. Spermatozoa attached 
to the membrane. (X 100) 
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tion, but they began to detach from the egg and moved rotmd in the jelly layer. 
The detached spermatozoa slipped on the egg membrane surface and were not 
bound with the membrane. 
The fertilized egg suspension, one hour after insemination, was centrifuged. 
The supernatant contained jelly and detached spermatozoa. 'When the fresh 
unfertilized eggs were placed in the supernatant, the spermatozoa were not 
attached again to the egg membrane, slipping out on t he surface. The eggs were 
not fertilized with the detached spermatozoa. Th:is shows that the spermatozoa 
detached from the egg membrane after once attachment left moving activity, but 
has lost binding ability to the egg membrane. 
4. S7Jenn-binding to isolnted egg membrane. 
When the intact unfertilized eggs were mixed with sperm, they were fertilized 
and secreted egg products, such as jelly substances, attended with cort ical changes. 
Therefore, it is hard to determine whether the sperm detachment from the egg 
membrane is attributed to egg secretion or changes occurred in spermatozoa 
To avoid the influence of egg-products the isolated egg membranes were used for egg 
membrane~sperm binding tests. 
The isolated egg membranes were suspended in sea water and then mixed with 
fresh sperm. The spermatozoa adhered upon the membranes and behaved spin 
movement as well as on the intact membranes. The attached spermatozoa 
remained on the isolated membranes without being detached for a long period. 
The numerous spermatozoa were yet observed on the membrane after 20 hours 
(Fig. 3b). The fact th&t the spermatozoa could not separate themselves from the 
isolated membrane suggests that the sperm-detaching from the intact eggs depends 
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Fig. 3. Sperm-binding to isolated egg membranes. The isolated egg membranes were mixed 
with sperm in sea water for ten minutes and then washed with sea water by t he cen-
trifuge method for removing free spermatotoa. a: Immediately after washing (X 100). 





Detachment of spermatozoa from egg membranes in secreted 
egg substances (SES) and pronase solution 
Treatment Incubation Time (hours) 
Media 0 20 
Sea water * * + SESll * * 0.5% pronase * 
Isolated egg membranes were mixed with sperm in sea 
water and then transferred to t reatment media.The marks, -~*, show degrees of sperm attachment to the mem-
branes. 
1) 1ml. ethanol precipitate of ESS was dissolved in 20 mi. 
sea water. 
Influence of secreted egg substances (SES) on egg membmne-sperm binding. 
The isolated membranes were incubated with sperm in sea water containing 
SES for 40 minutes and then washed with sea water by the centrifuge method. 
Numbers of attaching spermatozoa tend to be increased in SES solution. The 
sperm movement was usually slow in concentrated sperm suspension, but became 
very active in SES sea water. The promotion of attachment may be attributed to 
the activation of sperm movement by the secreted substances. 
The isolated egg membrane were mixed with sperm in sea water for ten 
minutes and then the membranes attached by numerous spermatozoa were tran-
ferred into SES solution. As the control a part of the sperm-attached membranes 
was placed in normal sea water. After one hour, the numerous spermatozoa 
adhered yet to the membrane in the both treated media. After incubation for 20 
hours many spermatozoa remained on the membrane in normal sea water, while 
little spermatozoa were observed in the SES solution (Table 1). This result 
seems to suggest that a sperm-detaching factor is contained in the egg products. 
6. Spet·m-binding factor in egg membrane. 
The unfertilized eggs were treated with 0.5 per cent pronase P sea water 
solution for ten minutes and then transferred into normal sea water, in which they 
were inseminated. The eggs were activated parthenogenetically, elevating the egg 
membrane in pronase sea water. The spermatozoa gathered on the elevated 
membranes, but did not adhere firmly to them. Soon, they began to agglutinate 
with their head and then the crowded spermatozoa separated gradually from the 
egg surface (Fig. 4). The blocking sperm-membrane binding may be attributed to 
destroying a proteinous binding factor located in the egg membrane or to sperm 
exclusion by "activation products". The sperm agglutination and separation 
seem to show that the activation products similar to theSES (fertilization products) 
are released from the pronase-treated eggs. 




Fig. 4. Sp~rm agglutination around pronase-kea.ted eggs. The unfertilized eggs were 
treated with 0.5 per cent pronase P sea water for ten minutes and t hen transferred 
into sea water, in which they were inseminated. The spermatozoa gathered on 
the egg membrane, btlt after a few minutes t hey began to agglutinate with head (a) 
and separated gradtmlly from egg surface (c). ( X 100) 
The isolated egg membranes were incubated with sperm for 10- 20 minutes and 
the membranes attached by spermatozoa were transferred to 0.5 per cent pronase 
sea water. The spermatozoa were detached rapidly from the membrane. After 
30- 60 minutes, the attaching spermatozoa disappeared on the membranes (Table 1). 
These observations suggest that a proteinous factor has some relation to establishing 
egg membrane-sperm binding. 
DISCUSSION 
The unfertilized egg of the polychaete, T ylorrhynchus heterochaetus, has a thick 
egg membrane, but is not surrounded by jelly, which is secreted after fertilization. 
Since the spermatozoa contact first with the egg membrane at fertilization, the 
binding between the egg membrane and the spermatozoon is considered to be the 
first step of fertilization process in this species. 
\Vhen the eggs are inseminated in sea water, numerous spermatozoa attached 
on the egg membranes, but the excess spermatozoa, except penetrated one, were 
detached later from the eggs. Three possible causes on sperm detachment can be 
considered; (1) the loss of sperm-binding ability in the egg membrane after fertili-
zation, (2) the dissociation by changes occurred in spermatozoa and (3) the 
influence of egg substances secreted from eggs (fertilization products). vVhen the 
fertilized eggs and the developing embryos were re-inseminated, the egg membranes 
could bind spermatozoa. The membranes retained sperm-binding ability after 
fertilization. The spermatozoa were binded to the isolated egg membranes as 
well as to the intact membranes, but were not excluded for a long period. This 
shows that the spermatozoa could not detach themsevles from eggs. When the 
isolated membranes attached beforehand by spermatozoa were placed in sea water 
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containing secreted egg substances (SES), sperm detachment was promoted. 
Sperm movement was activated also by SES. These facts suggest that the egg 
secretions contain factors relating to sperm-detachment and sperm activation. The 
spermatozoa were detached rapidly from the egg membrane in pronase sea water. 
This shows that a proteinous factor participates in binding between the egg 
membrane and the spermatozoa. In sea urchin eggs sperm-binding proteins 
located in the vitelline membrane are known (AKETA 1967, AKETA et al. 1972). 
The jelly layer formed around Tylorrhynchus eggs after fertilization originates 
from the cortical granules contained in the unfertilized eggs (YAMAMOTO 1952, 
OsANAI 1967a, b). In sea urchin eggs the cortical granules contain mucopolysac-
charides and trypsin-like protease activity, which are released as fertilization 
products during cortical changes. The sperm detachment from the vitelline 
membrane was asserted to be attributed to the protease activity of fertilization 
products (SOHUEL et al. 1973, VAOQUIER et al. 1973, CARROL and EPEL 1975). The 
secreted substances from Tylorrhynchus eggs, which are also fertilization or 
activation products, are estimated to contain a factor dissociating egg membrane-
sperm binding. The Tylorrhnchus eggs activated parthenogenetically with the 
sperm extract, in which a development-promoting factor seems to be contained. 
The parthnogenesis-inducing activity of the sperm extract was promoted by egg 
secretions. From this fact it was estimated that the SES contain an egg-activating 
factor (EAF) in addition to a development-inhibiting factor (OSANAI 1976). If the 
factor dissociating egg membrane-sperm connection is a protease, it may be able 
not only to detach spermatozoa from egg membranes, but also to activate eggs, 
being identical to EAF. 
SuMMARY 
In the eggs of the polychaete, Tylorrhynchus heterochaetus, the attachment 
and detachment of spermatozoa against the intact and isolated egg membranes 
were examined. In the intact eggs the spermatozoa attached first to the egg 
membrane, but were excluded later from the egg surface. The sperm detachment is 
attributed neither to the loss of sperm-binding ability in the egg membrane during 
fertilization process nor to the movement of spermatozoa, but attributed to egg 
secretion, which proceeds after fertilization. 
REFERENCES 
.A:KETA, K., 1967. On the sperm egg bonding as the initial step fertilization in the sea 
urchin. Embryologia, 9: 238-245. 
AKETA, K., K. 0NITAKE and H. TsuzUia, 1972. Tryptic disruption of sperm-binding site 
of sea urchin egg surface. Exp. Cell Res., 71: 27-32. 
CAROLL, Jr., E.J., and D. EPEL, 1975. Isolation and biological activity of the protease 
relea~ed by sea urchin eggs following of fertilization. Develop. Bioi., 44: 22-32. 
MoTDr!IURA, I., 1938. Effect of some salt solution on the parthenogenetic membrane forma-
tion of sea urchin eggs. Sci. Rep. Tohoku Univ., Bioi., 13: 85-88. 
EGG MEMBRANE-SPREM BINDING 155 
OsANAI, K., 1967a. Relation between development-inhibitor and jelly substance in 
the eggs of the Japanese Palolo. Jap. JOur. Exp. Morph., 21: 455. (In Japanese) 
OsANAI, K., 1967b. On the development-inhibitor in the eggs of the Japanese Palolo. 
Sci. Rep. Tohoku Univ. Biol., 33: 153-174. 
OSANAI, K., 1976. Pa;rthenogenetic activation of Japanese Palolo eggs with sperm extract. 
Bull. Mar. Bioi. St. Asamushi, 15: 157-163. 
SOHUEL, H., W. L. WILSON, K. CHEN and L. LoRA.ND, 1973. A trypsin-like proteinase 
localized in cortical granules isolated from unfertilized sea- urchin eggs by zonal 
centrifugation. Develop. Bioi. 34: 175-186. 
VAOQUIER, V.D., M.J. ·TEGNER and D. EFEL, 1973 Protease released from sea urchin 
eggs at fertilization ali;ers the vitelline layer and aids in preventing polysper-
my. Exp. Cell Res., 80: 111-119. 
YAMAMoTo, T., 1952 Baohino Jusei oyobi Jinko-fukatsu ni okeru Hyosohenka, tokuni 
Hyosoryu ni tsuite. Bull. Exp. Bioi., 2: 193-195. 
